The association between natural petroleum seeps and the discovery of commercial petroleum deposits is well known (Link, 1952) . This association, plus the fact that many crude oils have a lower density than sea water and float on the sea surface, has led to research into remote methods for detecting oil films. Methods developed include airborne reconnaissance using conventional photographic equipment (Vizy, 1974) , multispectral scanning devices (Munday and others, 1971), video systems (MiHard and others, 1975) , both active and passive fluorosensors (Measures and Bristow, 1971; Watson and others, 1978) , and spaceborne scanners (Deutsch and others, 1977) .
Of these methods, the ones which offer the most promise for detecting and identifying petroleum seeps are those which involve some type of luminescence measurements made at selected wavelengths. This report contains laboratory luminescence measurements and gross chemical compositional data from a suite of 27 crude oils from various geologic ages and geographic locations.
The Problem
There are many methods for the detection of an oil film on water. Most of these are dependent upon subtle differences in color and reflectance between clear water and oil-covered water. Within the visible portion of the electromagnetic spectrum, about 400 nm to 700 nm wavelength, there is little difference in reflectance between oil and water ( fig. 1) ; however, significant differences exist in the luminescence properties of crude oils and water. It has been shown that oil slicks can be detected by using airborne luminescence measuring devices (Fantasia and Ingrao, 1974; Watson and others, 1978) . This
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300 400 500 600 700 800 900 1000 VISIBLE PHOTO IR » WAVELENGTH (nm) Figure 1 . Reflectance of ocean water and oil as a function of wavelength (from Vizy, 1974) .
work was undertaken to detemine if different types of crude oils could be identified on the basis of luminescence data alone.
Materials and Methods
Crude Oil Separation A suite of 27 oils supplied by Chevron Oil Field Research Company of California was used in the study (Table 1 ). An aliquot of each crude oil was separated into four basic classes of organic compounds to determine oil type. Each sample was treated with pentane to precipitate the asphaltene fraction. The asphaltene-free sample was then treated with copper filings to remove sulfur. Saturated hydrocarbons, aromatic hydrocarbons and polar nonhydrocarbons were separated from the deasphaltened samples by column chromatography. The column used was 1.0 cm inside diameter x 25.0 cm long fitted with a teflon stop cock. The column was packed with 18.0 cm of 80-120 mesh chromatographic grade silica previously dried at 120°C. The silica adsorbent was supported either on a coarse frit fused to the column or a pad of glass wool. All solvents used were of pesticide grade.
A 0. 5 mg aliquot of the deasphaltened crude oil was injected onto the column. Hexane was used to elute the saturated fraction. The first 5 ml of eluate were rejected. The next 13 ml were collected, evaporated to a small volume in a rotary evaporator, rinsed into a vial, evaporated under nitrogen and weighed. The aromatic fraction was then eluted with a 60:40 mixture of hexane:benzene. The first 7 ml of eluate were rejected. The following 25 ml were collected and concentrated in the same manner as the saturate fraction.
The polar fraction (containing functional groups with nitrogen, sulfur, or oxygen) was eluted with a 60:40 mixture of benzene:methanol. The first 25 ml All laboratory luminescence measurements of the crude oils were referenced to a rhodamine WT dye standard at a concentration of 1200 parts per billion (ppb). This standard was analyzed before and after each sample analysis. In order to simulate in the laboratory, the conditions under which these measurements would be made in the field, the emission monochromator was set to a particular Fraunhofer line with the emission band width set to 1 nm and the excitation band width set to 20 nm resulting in broad band excitation and narrow band emission monitoring.
In the field a passive luminescence detector measures luminescence from the target resulting from excitation by the entire solar continuum simultaneously. During laboratory analysis intensity measurements were made at 20 nm intervals beginning with the interval containing 320 nm and ending *Use of trade names in this paper is for descriptive purposes only and does not constitute an endorsement of the product by the U.S. Geological Survey. 7 with the interval prior to the interval containing the Rayleigh scattering peak (Table 2) . These values were then multiplied by a correction factor which accounted for non-uniformity of solar radiation, photo multiplier sensitivity, and xenon lamp output as a function of wavelength (R. D. Watson, personal communication, 1980) . This yielded a solar-corrected spectrum of the sample under analysis. The correction factors applied to each measurement are given in Table 3 . This convolution of the solar spectrum with that generated by the MPF-3 was carried out with the aid of a mini -computer in line with the MPF-3. The luminescence intensity of the sample in terms of rhodamine WT equivalence is given by (modified from Watson and others, 1973) : 
Results and Discussion
Crude Oil Characterization
The results of asphaltene removal procedures and column separations are shown in Table 4 . The crude oils analyzed are divided into two broad classes ( fig. 3 ) based on the line separating those oils with greater than 50 percent aliphatic hydrocarbons (termed aliphatic oils in this report) from those with Polar (mg) 3.7 2.5 7.4 0.9 1.1 0.6 6.7 2.4 1.9 0.9 4.1 *The weight of asphaltene was determined by difference as that material was discarded before weighing. 
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Resins and Asphaltenes less than 50 percent aliphatic hydrocarbons (termed aromatic oils in this report). The term aromatic oil as defined may apply to some oils which have a higher weight percent of aliphatic hydrocarbons than aromatic hydrocarbons, however, the sum of aromatic by hydrocarbons plus the N-S-0 compounds will be greater than 50 percent for these samples. The fraction termed aliphatic or saturated in this report includes all hexane soluble material in the crude oil. The range of API gravity for the aliphatic oils (as defined in fig. 3) is from 28.7 to 61.9 °API with a mean value of 42.4 °API; the range observed for the aromatic-based oils (as defined in fig. 3 ) is from 14.7 to 51.4 °API with a mean value of 34.0 °API.
Laboratory Luminescence Measurements
Data gathered from crude oils with the laboratory fluorescence spectrometer are shown in Table 5 . The emission and excitation spectra of crude oils and some refined products are normally broad and featureless in the visible portion of the spectrum because these substances are complex mixtures of hydrocarbon and non-hydrocarbon molecules, each of which may have its own characteristic excitation and emission spectrum. The emission and/or excitation spectrum generated from a particular oil sample is therefore the combined result of many narrow but overlapping spectra.
Although these spectra are rather featureless, the values listed in Table 16 suggest that there are significant differences in the luminescence intensity The low levels of luminescence emission at short wavelength (396.8 nm) are due to a factor introduced by the method of data handling. At the 398.6 nm line, the solar correction used to simulate field conditions greatly reduces the luminescence intensity actually emitted from the sample, further, petroleum strongly absorbs energy in the near UV portion of the spectrum (Fantasia and Ingrao, 1974) . (Table 6 ).
However, the wide scatter of these points indicates no consistent relationship.
Asphaltene content and luminescence intensity display a weak positive relationship at the four Fraunhofer lines studied ( fig. 6 ). The slopes of the regression lines decrease with increasing emission wavelength, the opposite of the result expected based upon previous work by Riecker (1962) . It is evident that the percentage of asphaltenes present does not vary systematically with luminescence quality or quantity. 
Summary and Conclusions
Luminescence properties vary considerably among the crude oils studied in terms of relative intensity at a particular wavelength and as a function of wavelength when a single sample is considered. With few exceptions, crude oils exhibit lower luminescence intensity in the violet and red portions of the spectrum than in the blue and yellow portion.
In some cases there is a shift in wavelength of maximum luminescence intensity toward the red portion of the spectrum for the aromatic oils as compared to the aliphatic oils. The exact cause of this shift was not determined from this study but may be due in part to the relative opacity of the dark aromatic crudes to shorter wavelength energy compared to lighter aliphatic (more transparent) crudes. In addition, larger more complicated and highly-substituted aromatic molecules give rise to long-wave luminescence.
The chromatographic separations do not show a clear relationship between luminescence intensity and general crude oil composition. It is well known that aromatic molecules exhibit luminescence and it is thought (Reicker, 1962) that these molecules are a major contributor to crude oil luminescence; however, the data presented here suggest an inverse relationship between luminescence intensity and the percentage of aromatic components present.
These results indicate that the quantity of aromatic molecules present is not the controlling factor in petroleum luminescence intensity.
The values of the ratio formed by summing the luminescence intensity 
